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Succinate:quinone oxidoreductases (SQR) from Bacilli catalyze
energetically unfavorable reduction of menaquinone by succinate
and this activity is lost upon ΔμН+ dissipation, for example during
isolation of leaky membranes from the cells [1]. As shown in [2],
tightly coupled membrane vesicles from Bacillus subtilis retain the
ability to respire on succinate with the rate approaching that of the
whole cells. Here we report that in the tightly coupled vesicles from
B. subtilis SQR can be activated by membrane energization by virtue
of ATP hydrolysis.
Respiratory chain of B. subtilis strain with cytochrome bd as the
only terminal oxidase generates ΔμН+ with low efﬁciency (1H+/e−)
and, contrary to the wild type, mutant membranes reveal no
succinate oxidase activity even under tightly coupled conditions.
Addition of ATP to the inside-out vesicles results, ﬁrst, in membrane
energization and, second, in the ability to oxidize succinate.
Subsequent uncoupling inhibits succinate respiration completely.
On the other hand, neither ATP-driven energization nor uncoupling
affects the reversed, fumarate reductase, activity of the membranes.
The latter fact is in accordance with our ﬁnding that the menaquinol:
fumarate reductase activity of B. subtilismembranes is not coupled to
ΔμН+ generation.
In order to identify the potential ΔμН+-sensitive step(s) of the
succinate:menaquinone reaction, the redox state of the di-heme
cytochrome b forming the membrane anchor part of SQR was assayed.
To this end, membranes were equilibrated with the succinate/fumarate
redox couple so that the reduction of the high (bH) and low (bL)
potential hemeswere near 100% and 50%, respectively. Themembranes
were then energized by addition of ATP. The energization did not
result in any change in the reduction level of the hemes, as well as
subsequent uncoupling. Presumably, the effect of the ATPase-imposed
Δψ on electron distribution among the redox centers of SQR is
electrically compensated by intraprotein movement of positive charges
(probably, protons), which could be a constituent part of the catalytic
mechanism.
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Heliobacteria are anoxgenic photosynthetic bacteria that perform
cyclic electron transfer around their photosynthetic reaction center.
The reaction center is a homodimeric type I RC transferring electrons
from the primary donor chlorophyll to the iron sulfur center Fx and
further on to one of two soluble 8Fe8S ferredoxins [1]. The primary
electron donor gets re-reduced by a membrane attached mobile
mono-heme cytochrome c, itself reduced by a Rieske/cytb complex
with a dimeric cytochrome c subunit, a split membrane part harboring
two b-hemes and heme ci [2]. To interpret ﬂash induced kinetics,
knowledge of the redox midpoint potentials of the cofactors of
the reaction chain is useful. We therefore proceeded to optical and
EPR redox titrations. Whereas the potentials found for the Rieske
protein (+200mv vs SHE) and the c-hemes were close to the
values previously reported for Heliobacillus mobilis the potentials of
the b-hemes were evaluated to −350 and −210 mV, much lower
than so far suggested We will discuss the potentials and kinetics
obtained onHeliobacteriummodesticaldum reaction center and Rieske/
cytb complex under different growth conditions with a particular
attention to the role of heme ci and the pathway electrons taken from
ferredoxin to the menaquinone pool.
References
[1] S. P. Romberger, C. Castro, Y. Sun, J.H. Golbeck, Identiﬁcation and
characterization of PshBII, a second FA/FB-containing polypep-
tide in the photosynthetic reaction center of Heliobacterium
modesticaldum, Photosynth Res 104 (2010) 293–303.
[2] A.L. Ducluzeau, E. Chenu, L. Capowiez, F. Baymann, The Rieske/
cytochrome b complex of Heliobacteria, Biochimica et Biophysica
Acta 1777 (2008) 1140–1146.
doi:10.1016/j.bbabio.2014.05.085
S8.P5
Urocanate as a novel electron acceptor for anaerobic respiratory
chain of Shewanella oneidensis MR-1
Yulia Bertsovaa, Alexander Bogacheva,
Dmitry Blochb, Michael Verkhovskyb
aBelozersky Institute of Physico-Chemical Biology, Lomonosov Moscow
State University, Russia
bInstitute of Biotechnology, University of Helsinki, Finland
E-mail: bertsova@belozersky.msu.ru
We performed heterologous expression of the gene of the
hypothetical UrdA (SO_4620) protein from Shewanella oneidensis
MR-1 [1]. The recombinant protein was puriﬁed and investigated. It
was shown that UrdA contains two ﬂavin prosthetic groups: a
noncovalently bound FAD and a covalently bound FMN residue. Redox
titration of these centers at pH 7.5 showed that the noncovalently
bound FAD operates as a two-electron carrier with midpoint potential
of −280 mV, while the covalently bound FMN residue is capable
of two sequential one-electron reduction steps (Em1 =−225 mV
and Em2=−250 mV) with transient formation of the anionic
semiquinone. Using structural modeling and comparative genomic
analysis we proposed that UrdA catalyzes reduction of urocanate in
bacterial cells. The following experiments conﬁrmed this prediction
and showed that UrdA does catalyze the unidirectional reaction of
2-electron reduction of urocanic acid to deamino-histidine, an activity
not reported earlier. UrdA exhibits both high substrate afﬁnity and
high turnover rate (Km b b 10 μM, kcat = 360 s−1) and strong
speciﬁcity in favor of urocanic acid. UrdA homologues are present in
various bacterial genera, such as Shewanella, Fusobacterium, and
Clostridium, the latter includes the human pathogen Clostridium
tetani. The UrdA activity in S. oneidensis is induced by its substrate
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under anaerobic conditions and it enables anaerobic growth with
urocanic acid as a sole terminal electron acceptor. The latter's
capability can provide the cells of UrdA-containing bacteria with a
niche where no other bacteria can compete and survive.
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Energy conservation in strict anaerobic bacteria and archaea was
thought to be only mediated by substrate level phosphorylation
(SLP). However, their energetics could not be completely under-
stood, until in clostridia a ﬂavin-based electron bifurcation process
was discovered in 2008. Its later detection in methanogenic archaea
and acetogenic bacteria as well as probably in sulfate reducing
bacteria and benzoate degrading anaerobes demonstrates its funda-
mental importance in bioenergetics since the origin of life [1]. In
butyric acid forming bacteria, an electron bifurcating reaction is
catalyzed by electron transferring ﬂavoprotein (Etf) and butyryl CoA-
dehydrogenase (Bcd); the two electrons of NADH (E' =−280 mV)
bifurcate to the high potential crotonyl-CoA (E′ =−10 mV) and
the low potential ferredoxin (E' =−500 mV). Reduced ferredoxin,
the preferred electron donor of anaerobic bacteria and archaea,
reduces protons to H2 or generates ΔμNa+ via the membrane bound
ferredoxin-NAD+ reductase (Rnf). Using crystallographic and UV–
visible spectroscopic methods, we gained profound mechanistic
insights into electron bifurcating process of Etf and Bcd of
Acidaminococcus fermentans [2]. The heterodimeric Etf contains two
FAD, α-FAD in subunit α and β-FAD in subunit β. The Etf-NAD+
complex structure revealed β-FAD as acceptor of the hydride of
NADH and as bifurcating FAD. α-FAD is able to approach β-FADH−
and takes up one electron yielding a stable anionic semiquinone,
α-FAD−, which donates this electron further to D-FAD of Bcd most
likely after a large-scale conformational change. The remaining
non-stabilized neutral semiquinone, β-FADH, positioned close to
the protein surface, immediately reduces ferredoxin. Repetition
of this process affords a second reduced ferredoxin and D-FADH−
of Bcd that converts crotonyl-CoA to butyryl-CoA [2].
References
[1] W. Buckel, R.K. Thauer, Biochim. Biophys. Acta, 1827 (2013) 94–
113.
[2] N. Pal Chowdhury et al. J. Biol. Chem., 289 (2014) 5145–5157.
doi:10.1016/j.bbabio.2014.05.087
S8.P7
In vivo imaging of the supramolecular organization of Escherichia
coli OxPhos complexes
Sabrina Burschela, Heiko Erhardta, Conrad Mullineauxb,
Mark Leakec, Thorsten Friedricha
aUniversität Freiburg, Institut für Biochemie, Germany
bSchool of Biological and Chemical Science, UK
cDepartment of Physics, University of York, USA
E-mail: sabrina.burschel@gmx.de
Aerobic respiring bacteria gain ATP predominantly by substrate
level phosphorylation (SLP) and by electron transport phosphoryla-
tion (ETP). In many of these organisms ETP is assumed to be the main
contributor to ATP synthesis. This qualiﬁes the ETP as a promising
metabolic engineering target aiming at the design of energetically
superior strains.
In this study, we use a data-driven model-based approach to achieve,
for the ﬁrst time, a quantitative characterization of energy formation
in the industrial platform organism Corynebacterium glutamicum. This
superior amino-acid producer possesses a respiratory type of energy
metabolism with oxygen or nitrate as terminal electron acceptors. ATP
can either be synthesized by SLP or by ETP with the membrane-bound
F1FO-ATP synthase using the proton motive force (PMF) as driving force
[1]. The respiratory chain of C. glutamicum contains two terminal oxidases
for oxygen as terminal electron acceptor differing in proton translocation
efﬁciency by a factor of three.
13C-labeling experiments were performed with the wild type and
a mutant that is solely dependent on ATP generated by SLP (ΔF1F0
[2]). Data were evaluated with 13C metabolic ﬂux analysis [3]. A
comparison of the in vivo metabolic reaction rates revealed that SLP
and ETP contribute equally to ATP generation. Additionally, the
results predicted that 65% of the PMF is actually not used for ATP
synthesis, possibly leaving room for improving the efﬁciency of the
ETP and the product formation, e.g. by overexpressing the ATP
synthase to increase the portion of PMF used by the ETP.
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